SUMMARY In 50 patients with proven acute myocardial infarction (AMI), left ventricular hemodynamics (pulmonary end-diastolic pressure [PAEDP]; cardiac index [CI]; stroke volume index [SVI]; and SVI/PAEDP were related to the size of the acute infarct. Acute infarct mass was calculated from serial determinations of serum creatine phosphokinase (CPK) every two hours, using a computer program. In 15 cases postmortem measurement of acute infarct size after staining with Nitro-BT was made and correlated with calculated infarct size. Correlation in this limited number of cases was good with a mean difference of 7 g. Acute infarct mass in 38 survivors was 46 ± 5 g and was significantly smaller (P < 0.05) than in the 12 nonsurvivors (76 ± 12 g.) PAEDP in surviving patients was significantly lower (17 ± I mm Hg) and SVI (36 ml/m2) and SVI/PAEDP (2.4 ml/m2/mm Hg) significantly higher than in the nonsurvivors (PAEDP: 24 mm Hg; SVI: 23 ml/m2; SVI/PAEDP: 0.86 ml/m2/mm Hg) (P < 0.001 for all differences). Similar significant differences were observed between patients not in shock and those in cardiogenic shock. Although in 39 patients, in whom the infarction was their first, infarct mass was larger (58 ± 6 g) than in 11 patients with repeat infarctions (37 ± 8 g), left ventricular hemodynamics were slightly more impaired in reinfarctions (PAEDP: 21 ± 3 mm Hg; Cl: 2.60 L/min/m') than in first infarctions (PAEDP: 18 ± I mm Hg; CI: 2.82 L/min/m'). for the parameters cardiac index, PAEDP, and acute infarct mass precluded their usefulness, when taken individually, in predicting survival.
SUMMARY In 50 patients with proven acute myocardial infarction (AMI), left ventricular hemodynamics (pulmonary end-diastolic pressure [PAEDP] ; cardiac index [CI] ; stroke volume index [SVI] ; and SVI/PAEDP were related to the size of the acute infarct. Acute infarct mass was calculated from serial determinations of serum creatine phosphokinase (CPK) every two hours, using a computer program. In 15 cases postmortem measurement of acute infarct size after staining with Nitro-BT was made and correlated with calculated infarct size. Correlation in this limited number of cases was good with a mean difference of 7 g. Acute infarct mass in 38 survivors was 46 ± 5 g and was significantly smaller (P < 0.05) than in the 12 nonsurvivors (76 ± 12 g.) PAEDP in surviving patients was significantly lower (17 ± I mm Hg) and SVI (36 ml/m2) and SVI/PAEDP (2.4 ml/m2/mm Hg) significantly higher than in the nonsurvivors (PAEDP: 24 mm Hg; SVI: 23 ml/m2; SVI/PAEDP: 0.86 ml/m2/mm Hg) (P < 0.001 for all differences). Similar significant differences were observed between patients not in shock and those in cardiogenic shock. Although in 39 patients, in whom the infarction was their first, infarct mass was larger (58 ± 6 g) than in 11 patients with repeat infarctions (37 ± 8 g), left ventricular hemodynamics were slightly more impaired in reinfarctions (PAEDP: 21 ± 3 mm Hg; Cl: 2.60 L/min/m') than in first infarctions (PAEDP: 18 ± I mm Hg; CI: 2.82 L/min/m'). The occurrence of cardiogenic shock was a strong predictor of death; however, the wide scatter of the data PATHOLOGIC STUDIES of human hearts" 2 have shown that the size of myocardial infarction is one of the major determinants of left ventricular function as assessed by cardiac index and filling pressure. Recently a noninvasive method for the quantitative assessment of extent of myocardial necrosis in an individual patient, from CPK serial determinations of CPK level, was developed by Sobel et al. 3 I In the present study this method was verified by correlation with pathological evaluation of infarct size. Since we found that determination of infarct size provided an improved interpretation of the functional state of the heart, the relation of infarct size to left ventricular hemodynamics was studied in 50 patients.
Patient Population
Fifty patients (42 men and eight women) with acute myocardial infarction (AMI), ranging in age from 36 to 81 years, underwent right heart catheterization. Acute myocardial infarction was diagnosed from 1) a typical history; 2) the characteristic ECG criteria of transmural necrosis (R wave for the parameters cardiac index, PAEDP, and acute infarct mass precluded their usefulness, when taken individually, in predicting survival.
When a relationship between hemodynamics and infarct size was looked for, four constellations of individual patients were identified. These groups were defined by PAEDPs of above or below 18 mm Hg and infarct sizes above or below 65 g. Class A patients (N = 22) had a small infarct (29 ± 4 g) and good pump function (PAEDP: 13 mm Hg; SVI: 40 ml/m'; SVI/PAEDP: 3.27 ml/m'/mm Hg); prognosis was good for these patients. In class B (N = 13) the infarct was large (96 ± 8 g) and pump function markedly impaired (PAEDP: 26 mm Hg; SVI: 24 ml/mi; SVI/PAEDP: 0.98 ml/m'/mm Hg); 54% of these patients died. Five patients in class C had, in the presence of a large infarct (84 g), only a slightly elevated PAEDP of 17 mm Hg and an almost normal SVI of 37 ml/mi. In contrast, the ten class D patients had an infarct size (34 g) similar to that in class A, but high PAEDP (23 mm Hg) and moderately reduced SVI (31 ml/ml). In this group a high incidence of reinfarctions (six out of ten) occurred.
It is concluded that infarct mass calculated from serial CPK analysis, as a single parameter, cannot be used to predict mortality or development of cardiogenic shock in an individual patient. In conjunction with hemodynamic monitoring of left ventricular pump function, however, infarct mass is of considerable importance for assessment of the hemodynamic function of the residual myocardium.
loss, appearance of Q waves, and alterations of the ST segment); 3) elevation of creatine phosphokinase (CPK) > 40 mU/ml, serum glutamic oxaloacetic transaminase (SGOT) > 15 mU/ml, lactic dehydrogenase (LDH) > 200 mU/ml, and a-hydroxybutyrate dehydrogenase (a-HBDH) > 120 mU/ml in the serum. The diagnosis of cardiogenic shock was based on 1) clinical signs of underperfusion in the peripheral and central circulation such as cold clammy skin, urine output less than 20 ml/hour, and mental confusion, and on 2) systolic blood pressure measured by cuff of less than 90 mm Hg for at least 30 min. Patients with frank arterial hypotension without shock and those with cardiogenic shock caused by arrhythmias were not included in the study. 5 Pulmonary artery end-diastolic pressure (PAEDP) was taken as an equivalent of left ventricular filling pressure (LVEDP), since previous studies from our laboratory figure 2 (y =-6.1 + 1.028 x; r = 0.934).
In three patients acute infarct weight ranged between 4-12% of left ventricular mass; in two subjects infarct weight was 22 and 28%; in four, between 30-40%, and in three, 40-50% of the left ventricle weight was infarcted. Three patients died from an infarction of 55-66% of left ventricular mass. In general, the infarct size calculated from the CPK was slightly higher than that found at autopsy. The mean difference was 7 g. 
(4) (39) (11) (N) ( The 22 patients in class A had a small infarct (29 g) and a comparatively good pump function with cardiac index of 3.03 L/min/M2 and stroke index of 40 ml/m2; PAEDP was 12.8 mm Hg, the upper normal limit, and SVI/PAEDP, 3.3 ml/m2/mm Hg, was within the normal range. Only 9% died; cardiogenic shock was not observed in this group. Three out of these 22 had had a previous infarction. In class B with large infarctions of 96 g and a PAEDP of 26 mm Hg, stroke index was significantly reduced (24 mI/M2) compared to group A patients and seven of 13 subjects (53.8%) died, two in cardiogenic shock. The five patients in class C had, in the presence of a large infarction (mean 84 g), normal pump function, with a SVI of 37 ml/m2, an only slightly increased PAEDP (17 mm Hg), and a slightly reduced SVI/PAEDP of 2.3 ± 0.40 ml/m2/mm Hg. One patient had a reinfarction and one patient died of cardiac rupture 69 hours after infarction. Six of the ten patients with relatively small infarction (class D) (mean 34 g) and high PAEDP (mean 22.5 mm Hg) had reinfarctions; cardiac index and stroke index were modestly reduced to 2.9 L/min/m2 and 31 mI/M2, respectively SVI/PAEDP was significantly reduced to 1.5 + 0.23 ml/m2/mm Hg as compared to 3.3 i 0.4 ml/m2/mm Hg (class A: P < 0.01). Two of these ten died in cardiogenic shock. Thus mortality and cardiogenic shock were most often observed in classes B and D, where the latter was characterized by a high rate (60%) of reinfarctions.
Discussion
This study shows that, based on a limited number of pathological studies, serial determination of serum CPK is a valuable method for calculation of infarct size in a patient with acute myocardial infarction.ZA There are certain limitations to the method in particular patients. Since CPK appears in the blood as early as four hours after infarction and CPK release reaches a maximum 60 hours after the infarction, the infarct size in patients who die within this time period cannot be determined by this method. Discrepancies between Nitro-BT stained infarct mass and that calculated by CPK measurements may also occur if autolytic alterations develop as a consequence of a long delay between death and autopsy. Several extracardiac sources may influence the infarct size calculated from serial CPK determinations. Overestimation is possible after intramuscular injections and electrical defibrillation. In the patients studied no i.m. injections were given. DC shock was performed in two patients in the acute phase. However, unpublished data of serial CPK analysis in ten patients after defibrillation for atrial fibrillation showed short-lived elevated CPK values with a maximal value of exceeding the upper normal limit: 40 mU/ml in only two, values, which could correspond to an "infarct mass" of 4 g, whereas eight had no CPK elevation in serial studies. Assuming that defibrillation accounted for approximately the same amount of CPK elevation, the error would be in the order of 5%, a relatively minor overestimate. Previous experimental studies of Roberts et al. '7 showed that profound hemodynamic derangements such as cardiogenic shock do not correlate with large infarct size based on serial CPK determinations. Despite these considerations an excellent correlation between infarct size at autopsy and that calculated from CPK was observed ( fig. 2 ). The generally slightly higher infarct masses calculated from CPK compared to that measured at postmortem examination seem to be related to methodologic differences. There has been increasing controversy about the effects of change in heart rate on ventricular irritability. The high incidence of ventricular fibrillation at the onset of acute clinical myocardial infarction and the high incidence of bradyarrhythmia at this time suggest that slow heart rate may be one factor involved in the development of ventricular fibrillation. 4 Experimental evidence in favor of this was provided by the early studies of Han et al., which indicated that in the dog slow heart rates lead to a fall in ventricular fibrillation threshold' and to an increase in the frequency of ventricular arrhythmias after coronary occlusion.6 There is now both experimental7 8 and clinical9' 10 evidence that inappropriate acceleration of the heart in the presence of acute myocardial ischemia may increase the vulnerability of the heart to fibrillation, and experimental evidence that slowing of the heart may reverse this effect.8
From threshold when the heart rate was fixed. The fall in the ventricular fibrillation threshold in the presence of acute myocardial ischemia was greater and more prolonged when the heart rate was rapid. These findings indicate the importance of the immediate correction of tachycardia in patients suffering from acute myocardial infarction.
Additional problems were raised by the study of Kent and co-workers.8 They claim that stimulation of the vagus nerve in the absence of any change in heart rate results in a 200%
increase in the threshold current required to produce ventricular fibrillation in the nonischemic heart. This is surprising since even high doses of lidocaine do not have such a marked effect."' 12 The Bethesda group8 placed both fibrillating electrodes on nonischemic myocardium. Such nonischemic tissue may not exhibit the same reduction in the threshold current required to produce ventricular fibrillation after ligation of the coronary artery as the ischemic zone.'3 In view of these problems, and in view of the importance of control of heart rate in patients with acute myocardial infarction,9 it was decided to investigate the effects of changes in heart rate and of vagal stimulation on the ventricular fibrillation threshold in the ischemic and in the nonischemic myocardium.
Methods
Adult greyhounds of both sexes (weight 19-30 kg) were anesthetized by the intravenous injection of sodium pentobarbitone 30 mg/kg, and ventilated by a Palmer Ideal pump, initially with room air, at a rate of 18 per min and a stroke volume of 13 ml/kg. These pure-bred dogs have hearts with a weight comparable to that of man. The heart was exposed through the fifth left intercostal space and a bipolar platinum pacing electrode was sutured to the left atrial appendage. Two bipolar platinum electrodes for stimulation, and recording electrograms, and the two fibrillating electrodes were sutured to the anterior surface of the left ventricle. In those experiments in which the coronary arteries were occluded the ligatures were placed around the
